Farmers of the Submedio São Francisco Region (Brazil) have been spraying amino acids on mango trees with the objective of increasing panicle length and improving fruit retention and quality. This study, done in two experiments, tested the effect of amino acids sprayings at concentrations of 0.0%; 0.02%; 0.04% and 0.06%, on mango plants, 'Tommy Atkins', on the budding phase (panicles with 5 cm), fruit set and fruit growth (5 cm diameter). They were carried out from June to October in 2003, that is the natural period for harvest in the region, and from January to May, in 2004. There were no statistical differences in the first experiment among treatments regarding panicle length and fruit production, probably due to an appropriate management of nutrition, water and plant growth regulators, besides climatic conditions, mainly temperature and solar radiation. In the second experiment, significant increments in the panicle length of 13.37%, 11.70% and 21.4% were observed with amino acids concentrations, compared to the control. Increasing amino acids doses also enhanced the number of fruits per plant, thirty days before the harvest, in 16.17%, 45.32% and 37.38%, respectively, compared to the control, but there were no significant statistical differences. Characteristics of fruit quality during storage, as weight loss, total soluble solids, total titratable acidity and pulp firmness were not significantly affected by amino acids spraying. Changes on those variables were registered as a consequence of fruit ripening. Amino acids sprays lightly delayed the evolution of skin luminosity and °Hue of pulp, but the differences could not be visually identified. The concentrations of amino acids were not efficient for improving the natural concentrations of these substances in the leaves, which could be the reason for the non significant effects on the variables analyzed.
INTRODUCTION
Mango production in the Brazilian semi-arid region is distinguished, not only for cultivated area expansion, high production and quality fruits, but also for the climatic conditions, which associated to floral induction technologies, allows the scheduling of the harvest time during the year. Mango floral induction must be done according to a defined time of the year (climatic conditions). Thus, when the floral induction is programmed between May and August, simple methods to regulate vegetative growth can be used, as irrigation control. However for floral inductions programmed between October and April (the hottest season), aiming at first semester production, only plant growth regulators, as paclobutrazol (PBZ), an gibberellic acid synthesis inhibitor, is efficient. PBZ is considered one of the adequate chemical growth regulator used for artificial induction of flowering on mango (Nartvaranant et al., 2000) . The registration of PBZ for use in Brazil in 2000, brought a new hope for the off season mango production in the submedio São Francisco region. PBZ doses recommended for mango depend on some factors as vigor, previous applications residue and climatic conditions at the induction time. So, the PBZ concentrations vary between cycles and, usually, are not adjusted yet for the region.
The effect of PBZ may be different among mango cultivars, plant age and size and the sensibility to the chemical will depend on application time. According to Mouco and Albuquerque (2005) , the off season production commonly uses higher doses of PBZ what brings more compact inflorescence and they are prone to pests and diseases, especially inflorescence microlepidopters (Erosomyia mangiferae). Thus the phytosanitary control of the fruit is more difficult to keep. PBZ increases the number of hermaphroditic flowers, resulting in higher fruit set, according to Winston (1992) , Bernadi and Moreno (1993) , Voon et al. (1993) , Tongumpai et al. (1996) and Kurian and Iyer (1993) , in other mango cultivars.
The use of amino acid leaf sprayings, are becoming more frequent but its function is still not very well defined. Pedras et al. (1989) studied the leaf nutrient absorption regarding the penetration barriers, mechanisms and factors that affect the absorption. They have concluded that the entrance of the nutrient put on the surface of the leaf into the cell depends on its crossing the cell wall and plasmalem through passive and active transport mechanism. The absorption can be influenced by the environment (light, temperature and humidity), plant (leaf surface, cuticle and leaf age) and solution (composition, pH, charge, form and nutrient concentration). Malavolta (1980) reports the removal of plant substances through the action of the rain, dew and fog on the leaf, and this shows that amino acids can be taken away from the plant. Then we could suppose the probable entrance of these substances into the leaves too.
The importance of amino acids for the plant is connected to the primary and secondary metabolism. They synthesize many important compounds for the fruit quality and production. The balance of the phenolic compounds is very important for the composition of the fruit, like the mango. The antocianin, the main pigment for fruit colouring is produced from the phenylalanine amino acid. The asparagine amino acid and glutamato connect the two important metabolic cycles of the plant, the carbon and nitrogen cycles, and they have an influence both on sugars and proteins. The glycine is an amino acid that inhibits the apparent photorespiration done by C 3 plants like the mango tree, it fosters the photosynthesis efficiency with a higher sugar content and yield (Taiz and Zeiger, 2002) . After testing the use of amino acids in plants from the Benitaka cultivar, Albuquerque and Dantas have concluded that two sprayings of a solution with 4.15 mg L -1 of amino acids, applied on the fruit growth phase were enough to improve the colouring and reduce the acidity in grapes. The methionine is the ethylene precursor and it regulates the flowering and fruit ripening; the asparagine and the glutamine help in the nutrient transport and as reserve of nitrogen, besides being important in the pollination and fruit set. The tryptophan inhibits the precocious flower and fruit fall and it is important in the process of production of enzyme that catalyses synthesis reaction of the indolilacetc acid (auxin). The glutamic acid is important for the synthesis of the auxin and fruit set and the alanine for the germination and the pollen grains fertility (Taiz and Zeiger, 2002) .
Submedio São Francisco farmers have sprayed amino acids on the mango crop to increase the floral panicle length, which many times are compromised by inadequate doses of plant growth regulators applied in the flowering process.
The objective of this work was to observe the response of amino acids sprays on increasing panicle length and improving fruit retention and quality on mango.
MATERIALS AND METHODS
This work was carried out at a commercial orchard, in Petrolina-PE, in the Submedio São Francisco region, Northeast Brazil (9 o 34S, 40 o 6'W and 375 m of altitude). According to Hargreaves (1974) , the climate is classified as arid. The experiment began in June 2003, in a ten-year old mango orchard cv. Tommy Atkins, spaced by 10x5 m (200 plants/hectare), irrigated by micro sprinklers.
Two field experiments in randomized completely blocks, with four treatments and five replications were used. It was tested the effect of amino acids sprayings at concentrations of 0.0%; 0.02%; 0.04% and 0.06%, on mango plants, on the budding phase (panicles with 5 cm), fruit set and fruit growth (5 cm diameter). The commercial product used in the experiment has 23% of amino acids, 11% of nitrogen and 1% of potassium. The amino acids that are more present in the product are glutamic acid (>6%), glycine (>5%), alanine (>3%) and proline (>2% each). Experiments were carried out from June to October/ 2003 (harvest), period of natural harvest in the region, and January to May/2004 (harvest) . In the first experiment, fruits were harvested at the maturity stage 2 and characteristics of quality fruit during storage (23.8 + 2.8°C and 45 + 8% RH) were evaluated at 0, 3, 6, 8, 9 and 10 days. In the second experiment, fruits were stored and evaluated for 0, 4, 7, 11, 13 and 15 days, under the conditions of 23.2 + 1.5ºC and 42 + 5 RH. The evaluated parameters were amino acids doses in the leaf during the work period, panicle length and fruit production. The quality characteristics mass loss, total soluble solids, total titratable acidity, pulp firmness and red coloration, were also evaluated.
Cultural practices as hoeing, fertilization and pesticide sprayings were normally performed by growers. There was no incidence of either pests or diseases during the study. The amount of irrigation water was calculated based on class A evaporation tank and there was no irrigation interruption (no water stress).
RESULTS AND DISCUSSION
In the first experiment, the amino acid concentrations in leaves were determined for 0, 18 and 46 days after budding. At 46 days after budding, amino acid concentrations in leaves were reduced when compared with budding and after 18 days. In these two dates, amino acids concentrations remained stable in the leaves that received 0.02, 0.04 and 0.06% of amino acids. However, at 46 days, these concentrations reduced in plants sprayed with 0.02 and 0.04%, presenting values respectively, of 1.41 and 1.67 μmoles g -1 . For plants that received sprayings with 0.06%, amino acid concentration varied of 2.56 to 2.80 μmoles g -1 (Fig. 1) . Appropriate management of nutrition, water and growth regulators, besides climatic conditions, mainly temperature and solar radiation, could explain no statistical differences among treatments regarding panicle length and fruit production in the first experiment (Fig. 2) .
Quality characteristics, as mass loss, total soluble solids, total titratable acidity and pulp firmness were not significantly affected by amino acid sprayings. Changes on those variables were registered as a consequence of fruit ripening. Amino acids sprays lightly delayed temporarily the evolution of skin luminosity and °Hue of pulp, but differences could not be visually identified. The percentage of red coloration in the fruit surface was increased by doses 0.04 and 0.06 %, but the differences were limited to only 5%. Amino acids doses were not efficient for improving natural concentrations of these substances in leaves, which could be the reason for the non significant effects on the variables analyzed.
In the second experiment, the amino acid concentrations in leaves were determined for 0, 13, 43 and 73 days after budding; but there were no statistical differences among treatments and different times during the experiment. Significant increasing in the panicle length of 13.37%, 11.70% and 21.4% were observed with concentrations of 0.02%, 0.04% and 0.06%, respectively, compared to the control. Increasing amino acids doses also enhanced the number of fruits per plant, thirty days before the harvest, in 16.17%, 45.32% and 37.38%, respectively, compared to the control, but there were no significant statistical differences (Fig. 3) .
Results regarding red coloration observed in the second experiment were distinct of the first one; no statistical differences were registered among amino acids doses applied on fruit to increase red coloration the percentage on its surface. However, in the green and red on the skin region it was observed that amino acids sprayings affected the ºHue of the color. However, the differences are not relevant from the practical point of view due to the difficulty in observing them. Mass loss on fruits sprayed with amino acids reached 6%, for treatment with 0.02%, and 14% for 0.04 and 0.06%. Total soluble solids content of fruits also was influenced by amino acids applications, however in a restricted way. Decreases and increases of 1%, approximately, in relation to the control, were observed. Differences for total titratable acidity were defined and they indicated delay in the degradation of organic acid in the fruits treated with amino acids.
Divergent responses between both experiments on the fruit maturation postharvest can be attributed to the low amino acid doses applied. Statistical differences reveal effects that cannot be evidenced from a practical way. The great natural variability among fruits can explain these differences regardless of the amino acids doses tested too.
In the second experiment (off season), when PBZ doses are bigger and climatic conditions are not adequate to obtain high productions with fruit quality, probably amino acid spraying was efficient to minimize the effect of the excessive use of plant growth regulator. The panicle emission for off season mango crop, when higher doses of plant growth regulators are used, are compact, around 23 cm, as shown in Figure 3 . During the normal production season for the mango crop in the region, when plant growth regulators are not used, the panicle length was longer then 31 cm in the control treatment (Fig. 3) , and even though an increase in the panicle size was registered up to the dose of 0.04%, it was not statistically relevant.
For the normal production period of the crop, no significant difference was registered among treatments regarding the fruit production per plant; however for the May and July production, when flowering coincide with higher temperatures, and these can harm the proper fruit set, the number of fruits held by the plant increased with the amino acid doses used (Fig. 3) . However the bigger fruit production can also be due to the effect of placlobutrazol in increasing the number of hermaphrodite flowers (Winston, 1992; Bernadi and Moreno, 1993; Voon et al., 1993; Kurian and Iyer, 1993; Tongumpai et al., 1996) .
No information was found in the revised literature about the effect of amino acids sprayings on the inflorescence enlargement or fruit retention.
CONCLUSIONS
The amino acid sprayings can be recommended for the mango crop scheduled for the first semester of the year, once it minimizes the effects of the plant growth regulator on the shape of the floral panicle. 
